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Pharmaceutical dosage form for oral administration of tyrosine kinase inhibitor

The present invention relates to a pharmaceutical dosage form for oral administration

of tyrosine kinase inhibitors, a method of preparing the dosage form and a method of

5 treating proliferative disorders.

Tyrosine kinase inhibiting compounds are useful for treating diseases caused or exac-

erbated by upregulation or overexpression of protein tyrosine kinases. Unfortunately,

the crystalline forms of many known tyrosine kinase inhibitors are characterized by a

10 more or less pronounced poor solubility in aqueous liquids which affects their dissolu-

tion rate and bioavailability.

A measure of the potential usefulness of an oral dosage form of a pharmaceutical

agent is the bioavailability observed after oral administration of the dosage form. Vari-

15 ous factors can affect the bioavailability of a drug when administered orally. These fac-

tors include aqueous solubility, drug absorption throughout the gastrointestinal tract,

dosage strength and first-pass effect. Aqueous solubility is one of the most important of

these factors.

20 For a variety of reasons, such as patient compliance and taste masking, a solid dosage

form is usually preferred over a liquid dosage form. In most instances, however, oral

solid dosage forms of a drug provide a lower bioavailability than oral solutions of the

drug.

25 There have been attempts to improve the bioavailability provided by solid dosage forms

by forming solid solutions of the drug. Solid solutions are preferred physical systems

because the components therein readily form liquid solutions when contacted with a

liquid medium such as gastric juice. The ease of dissolution may be attributed at least

in part to the fact that the energy required for dissolution of the components from a

30 solid solution is less than that required for the dissolution of the components from a

crystalline or microcrystalline solid phase. It is, however, important that the drug re-

leased from the solid solution remains water-solubilized in the aqueous fluids of the

gastrointestinal tract; otherwise, the drug may precipitate in the gastrointestinal tract,

resulting in low bioavailability.

35
WO 01/00175 discloses mechanically stable pharmaceutical dosage forms which are

solid solutions of active ingredients in an auxiliary agent matrix. The matrix contains a

homopolymer or a copolymer of N-vinyl pyrrolidone and a liquid or semi-solid surfac-

tant.

40

WO 00/57854 discloses mechanically stable pharmaceutical dosage forms for peroral

administration which contain at least one active compound, at least one thermo-
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plastically mouldable, matrix-forming auxiliary and more than 10 and up to 40% by

weight of a surface-active substance that has an HLB of between 2 and 18, is liquid at

20 °C, or has a drop point at between 20 and 50 °C.

5 US 2005/0208082 discloses a solubilizing composition comprising a mixture of vitamin

E TPGS and linoleic acid. The solubilizing composition is used to disperse a lipophile in

an aqueous phase. The lipophile may be a therapeutically effective lipophile such as

lipophilic vitamins, coenzyme Q10, carotenoids, alpha-lipoic acid, essential fatty acids.

10 US 2005/0236236 discloses pharmaceutical compositions for administration of hydro-

phobic drugs, particularly steroids. The pharmaceutical compositions include a hydro-

phobic drug, a vitamin E substance and a surfactant. The reference claims a synergis-

tic effect between the hydrophobic drug and the vitamin E substance.

15 There is a continuing need for the development of improved oral solid dosage forms of

tyrosine kinase inhibitors.

The invention relates to a pharmaceutical dosage form which comprises a solid disper-

sion product of at least one tyrosine kinase inhibitor, at least one pharmaceutically ac-

20 ceptable polymer, and at least one pharmaceutically acceptable solubilizer.

In the dosage forms of the invention, the active ingredient is present as a solid disper-

sion or, preferably, as a solid solution. The term "solid dispersion" defines a system in a

solid state (as opposed to a liquid or gaseous state) comprising at least two compo-

25 nents, wherein one component is dispersed evenly throughout the other component or

components. For example, the active ingredient or combination of active ingredients is

dispersed in a matrix comprised of the pharmaceutically acceptable polymer(s) and

pharmaceutically acceptable solubilizers. The term "solid dispersion" encompasses

systems having small particles, typically of less than 1 jiim in diameter, of one phase

30 dispersed in another phase. When said dispersion of the components is such that the

system is chemically and physically uniform or homogeneous throughout or consists of

one phase (as defined in thermodynamics), such a solid dispersion will be called a "so-

lid solution" or a "glassy solution". A glassy solution is a homogeneous, glassy system

in which a solute is dissolved in a glassy solvent. Glassy solutions and solid solutions

35 are preferred physical systems. These systems do not contain any significant amounts

of active ingredients in their crystalline or microcrystalline state, as evidenced by ther-

mal analysis (DSC) or X-ray diffraction analysis (WAXS).

The dosage forms according to the invention are characterized by an excellent stability

40 and, in particular, exhibit high resistance against recrystallization or decomposition of

the active ingredient(s).

The dosage forms of the present invention exhibit a release and absorption behaviour

that is characterized by high attainable AUG (area under the plasma concentration-time
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curve from 0 to 48 hours), high attainable Cmax (maximum plasma concentration), and

low Tmax (time to reach maximum plasma concentration).

The term "AUG" means "Area Under the Curve" and is used in its normal meaning, i. e.

5 as the area under the plasma concentration-time curve. "AUCo-48" and "AUCo-J' refer to

the area under the plasma concentration-time curve from 0 to 48 hours or from 0 hours

to infinty, respectively.

In a preferred embodiment the invention provides a dosage form wherein said tyrosine

1 0 kinase inhibitor is N-[4-(3-amino-1 H-indazol-4-yl)phenyl]-N'-(2-fluoro-5-methylphenyl)-

urea (ABT 869) (or a hydrate, solvate, N-oxide, or a pharmaceutically acceptable acid

or base addition salt thereof). When administered to a human patient, in certain em-

bodiments, the dosage form produces a plasma profile characterized by a Cmax for ABT
869 from about 0.015 jug/mL/mg to about 0.027 jug/mL/mg, in particular about

1 5 0.023±0.004 |jg/mL/mg (mean±SD), after a single dose.

When administered to the human patient, in certain embodiments, the dosage form

produces a plasma profile characterized by a Tmax for ABT 869 of about 1 to about 3

hours, in particular about 2.8±0.6 hours, after a single dose.

20

In particular embodiments, when administered to the human patient, the dosage form

produces an AUCo-48 per mg of ABT 869 from about 0.23 |Lig*hr/mL/mg to about 0.56

|Lig*hr/mL/mg, in particular about 0.40±0. 10 |jg»h/mL/mg, oran AUCo-o= per mg of ABT
869 from about 0.27 |LLg*hr/mL/mg to about 0.81 |LLg*hr/mL/mg, in particular about

25 0.55±0.17 |jg»h/mL/mg, per mg of dose after a single dose.

The plasma concentration profile may suitably be established in a group of at least ten

healthy humans under fasting conditions, based on blood sampling at 0, 1, 3, 4, 6, 8,

24 and 48 hours. "Fasting conditions" means that the patients abstain from food or

30 drink consumption except water and concomitant medications for 2 hours prior to and

after dosing. Once the concentration-time points have been determined, the plasma

concentration profile may be calculated, e. g. by a computer program or by the trape-

zoidal method. Administration of single dose of 10 mg ABT 869 to a human is consid-

ered suitable for determining the AUC values as used herein.

35

A preferred feature of the dosage form is their ability to release fine particles having,

e. g., an average particle size of less than about 1000 nm, preferably less than about

800 nm, in particular less than about 500 nm and especially preferred less than about

200 nm, when the dosage form is brought into contact with an aqueous liquid. The fine

40 particles contain solubilised tyrosine kinase inhibitor, preferably in an essentially non-

crystalline state. When the dosage form is administered orally, the aqueous liquid will

be gastric juices. For in vitro testing purposes, the aqueous liquid may suitably be a

volume of 900 ml of 1 N hydrochloric acid (USP apparatus II).
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The dispersion formed upon contact with an aqueous liquid may also be useful as

such, for example as oral liquid dosage form or parenteral injections.

Generally, the solid dispersion product comprises

5 from about 0.5 to 40 % by weight, preferably from about 1 to 25 % by weight, of said at

least one tyrosine kinase inhibitor,

from about 40 to 97.5 % by weight, preferably from about 50 to 94 % by weight, of said

at least one pharmaceutically acceptable polymer,

from about 2 to 20 % by weight, preferably from about 5 to 20 % by weight, of said at

10 least one solubilizer, and

from about 0 to 15 % by weight, preferably from about 0 to 10 % by weight, of addi-

tives.

Whereas the dosage form of the invention may consist entirely of solid dispersion

15 product, additives and adjuvants are usually used in formulating the solid dispersion

product into the dosage forms. Generally, the dosage form comprises at least 10 % by

weight, preferably at least 40 % by weight, and most preferred at least 45 % by weight,

of solid dispersion product, based on the total weight of the solid dosage form.

20 Typically, a single dosage form of the invention contains the equivalent of about 0.1 mg
to about 1 00 mg, preferably about 1 .0 mg to about 50 mg, in particular 2.5 mg to 25

mg, of said at least one tyrosine kinase inhibitor.

The inventive dosage form comprises a tyrosine kinase inhibitor or a combination of

25 two or more tyrosine kinase inhibitors. The dosage form may comprise a combination

of one or more tyrosine kinase inhibitors and at least one further active ingredient.

Various kinds of tyrosine kinase inhibitors can be effectively utilized.

A preferred tyrosine kinase inhibitor is ABT 869 [N-[4-(3-amino-1 H-indzol-4-yl)phenyl]-

30 N'-(2-fluoro-5-methylphenyl)urea] the preparation of which is described in WO
04/1 1 3304. The molecular structure of ABT 869 is depicted below:

35

A further preferred tyrosine kinase inhibitor is N-(4-(4-aminothieno[2,3-d]pyrimidin-5-

yl)phenyl)-N'-(2-fluoro-5-(trifluoromethyl)phenyl)urea the preparation of which is de-

scribed in US 2007/0155758.
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Further tyrosine kinase inhibitors which may be used include sorafenib (trade name

Nexavar), dasatinib, lapatinib (trade name Tykerb), imatinib (trade name Gleevec),

motesanib, vandetanib (Zactima), l\/IP-412, lestaurtinib, XL647, XL999, tandutinib,

PKC412, nilotinib, AEE788, OSI-930, OSI-817, sunitinib maleate (trade name Sutent)

5 and axitinib.

The term "tyrosine kinase inhibitors" is intended to encompass the hydrates, solvates

(such as alcoholates), N-oxides, pharmaceutically acceptable acid or base addition

salts of tyrosine kinase inhibiting compounds.

10

Pharmaceutically acceptable acid addition salts comprise the acid addition salt forms

which can be obtained conveniently by treating the base form of the active ingredient

with appropriate organic and inorganic acids.

15 Active ingredients containing an acidic proton may be converted into their non-toxic

metal or amine addition salt forms by treatment with appropriate organic and inorganic

bases.

The invention is particularly useful for water-insoluble or poorly water-soluble (or "hy-

20 drophobic" or "lipophilic") compounds. Compounds are considered water-insoluble or

poorly water-soluble when their solubility in water at 25 °C is less than 1 g/100 ml, es-

pecially less than 0,1 g/100 ml.

The term "pharmaceutically acceptable solubilizer" as used herein refers to a pharma-

25 ceutically acceptable non-ionic surfactant. The solubilizer may effectuate an instanta-

neous emulsification of the active ingredient released from the dosage form and/or pre-

vent precipitation of the active ingredient in the aqueous fluids of the gastrointestinal

tract. A single solubilizer as well as combinations of solubilizers may be used. Accord-

ing to an embodiment of the invention, the solid dispersion product comprises a combi-

30 nation of two or more pharmaceutically acceptable solubilizers.

Preferred solubilizers are selected from sorbitan fatty acid esters, polyalkoxylated fatty

acid esters such as, for example, polyalkoxylated glycerides, polyalkoxylated sorbitan

fatty acid esters or fatty acid esters of polyalkylene glycols, polyalkoxylated ethers of

35 fatty alcohols, tocopheryl compounds or mixtures of two or more thereof. A fatty acid

chain in these compounds ordinarily comprises from 8 to 22 carbon atoms. The polyal-

kylene oxide blocks comprise on average from 4 to 50 alkylene oxide units, preferably

ethylene oxide units, per molecule.

40 Suitable sorbitan fatty acid esters are sorbitan monolaurate, sorbitan monopalmitate,

sorbitan monostearate (Span® 60), sorbitan monooleate (Span® 80), sorbitan
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tristearate, sorbitan trioleate, sorbitan monostearate, sorbitan monolaurate or sorbitan

monooleate.

Examples of suitable polyalkoxylated sorbitan fatty acid esters are polyoxyethylene

5 (20) sorbitan monolaurate, polyoxyethylene (20) sorbitan monopalmitate, polyoxyethyl-

ene (20) sorbitan monostearate, polyoxyethylene (20) sorbitan monooleate (Tween®

80), polyoxyethylene (20) sorbitan tristearate (Tween® 65), polyoxyethylene (20) sorbi-

tan trioleate (Tween® 85), polyoxyethylene (4) sorbitan monostearate, polyoxyethylene

(4) sorbitan monolaurate or polyoxyethylene (4) sorbitan monooleate.

10

Suitable polyalkoxylated glycerides are obtained for example by alkoxylation of natural

or hydrogenated glycerides or by transesterification of natural or hydrogenated glyc-

erides with polyalkylene glycols. Commercially available examples are polyoxyethylene

glycerol ricinoleate 35, polyoxyethylene glycerol trihydroxystearate 40 (Cremophor®

15 RH40, BASF AG) and polyalkoxylated glycerides like those obtainable under the pro-

prietary names Gelucire® and Labrafil® from Gattefosse, e.g. Gelucire® 44/14 (lauroyi

macrogol 32 glycerides prepared by transesterification of hydrogenated palm kernel oil

with PEG 1500), Gelucire® 50/13 (stearoyi macrogol 32 glycerides, prepared by trans-

esterification of hydrogenated palm oil with PEG 1500) or Labrafil Ml 944 CS (oleoyi

20 macrogol 6 glycerides prepared by transesterification of apricot kernel oil with PEG
300).

A suitable fatty acid ester of polyalkylene glycols is, for example, PEG 660 hydroxy-

stearic acid (polyglycol ester of 12-hydroxystearic acid (70 mol%) with 30 mol% ethyl-

25 ene glycol).

Suitable polyalkoxylated ethers of fatty alcohols are, for example, PEG (2) stearyl ether

(Brij® 72), macrogol 6 cetylstearyl ether or macrogol 25 cetylstearyl ether.

30 In general, the tocopheryl compound corresponds to the formula below

Z 0(CHR^-CHR20)nH
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wherein Z is a linking group, and are, independently of one another, hydrogen or

C1-C4 alkyi and n is an integer from 5 to 100, preferably 10 to 50. Typically, Z is the

residue of an aliphatic dibasic acid such as glutaric, succinic, or adipic acid. Preferably,

both R^ and R^ are hydrogen.

5

It was found that solubilizers or combination of solubilizers having a defined HLB (hy-

drophilic lipophilic balance) value are preferred over other solubilizers.

The HLB system (Fiedler, H.B., Encylopedia of Excipients, 5*^ ed., Aulendorf: ECV-

10 Editio-Cantor-Verlag (2002)) attributes numeric values to surfactants, with lipophilic

substances receiving lower HLB values und hydrophilic substances receiving higher

HLB values.

Where a single solubilizer is employed it suitably has an HLB value of from 3.5 to 13,

1 5 preferably from 4 to 1 1

.

Where a combination of two or more pharmaceutically acceptable solubilizers is used

the combination of pharmaceutically acceptable solubilizers suitably has an averaged

HLB value in the range of from 4.5 to 12, preferably 5 to 11. The averaged HLB value

20 may be computed by multiplying the HLB value of each individual solubilizer by the

proportion of the individual solubilizer with regard to the total amount of solubilizers

present and adding together the contributions of the individual solubilizers.

Quite unexpectedly, a combination of at least one solubilizer having a relatively high

25 HLB value and at least one solubilizer having a relatively low HLB value proved particu-

larly useful. The high HLB solubilizer suitably has an HLB value in the range of from 8

to 15, preferably 10 to 14. The low HLB solubilizer suitably has an HLB value in the

range of from 3 to 6, preferably 3.5 to 5.The weight ratio of high HLB solubilizer and

low HLB solubilizer may be in the range of from 9:1 to 1:9, preferably 5:1 to 1:5.

30

Solubilizers having an HLB value in the range of from 8 to 15 may be selected from

Cremophor® RH40 (HLB 13), Tween® 65 (HLB 10.5), Tween® 85 (HLB 11).

Preferred high HLB solubilizers are tocopheryl compounds having a polyalkylene glycol

moiety.

35

The preferred tocopheryl compound is alpha tocopheryl polyethylene glycol succinate,

which is commonly abbreviated as vitamin E TPGS. Vitamin E TPGS is a water-soluble

form of natural-source vitamin E prepared by esterifying d-alpha-tocopheryl acid succi-

nate with polyethylene glycol 1000. Vitamin E TPGS is available from Eastman Chemi-

40 cal Company, Kingsport, TN, USA and is listed in the US pharmacopoeia (NF).
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Solubilizers having an HLB value in the range of from 3 to 6 may be selected from

Span® (HLB 4.7), Span ® 80 (HLB 4.3), Labrafil M1944 CS (HLB 4.0) and Brij® 72

(HLB 4.9).

5 A preferred low HLB solubilizer is an alkylene glycol fatty acid monoester or a mixture

of alkylene glycol fatty acid mono- and diester.

The preferred alkylene glycol fatty acid mono ester is a propylene glycol fatty acid

mono ester, such as propylene glycol monolaurate (available under the trade name

10 LAUROGLYCOL® from Gattefosse, France). Commercially available propylene glycol

lauric acid mono ester products consist of a mixture of mono- and dilaurate. Two pro-

pylene glycol monolaurate products are specified in the European Pharmacopoea (ref-

erenced "type I" and "type M" respectively). Both types are suitable for carrying out the

present invention, with propylene glycol monolaurate "type I" being the most preferred.

15 This "type I" product having a HLB value of about 4 consists of a mixture having be-

tween 45 and up to 70% mono-laurate and between 30 and up to 55% of di-laurate.

The "type M" product is specified according to Pharm. Eur. as having a minimum of

90% mono-laurate and a maximum of 10% of di-laurate.

20 Where a mixture of alkylene glycol fatty acid mono and diester is employed, this prefe-

rably contains at least 40% by weight of the mono ester, especially 45 to 95 % by

weight, relative to the weight of the ester mixture.

Thus, in a preferred embodiment, the combination of solubilizers comprises (i) at least

25 one tocopheryl compound having a polyalkylene glycol moiety, preferably alpha to-

copheryl polyethylene glycol succinate, and (ii) at least one alkylene glycol fatty acid

monoester or a mixture of alkylene glycol fatty acid mono- and diester.

The pharmaceutically acceptable polymer may be selected from water-soluble poly-

30 mers, water-dispersible polymers or water-swellable polymers or any mixture thereof.

Polymers are considered water-soluble if they form a clear homogeneous solution in

water. When dissolved at 20 °C in an aqueous solution at 2 % (w/v), the water-soluble

polymer preferably has an apparent viscosity of 1 to 5000 mPa.s, more preferably of 1

to 700 mPa.s, and most preferably of 5 to 100 mPa.s. Water-dispersible polymers are

35 those that, when contacted with water, form colloidal dispersions rather than a clear

solution. Upon contact with water or aqueous solutions, water-swellable polymers typi-

cally form a rubbery gel.

Preferably, the pharmaceutically acceptable polymer employed in the invention has a

40 Tg of at least 40°C, preferably at least +50°C, most preferably from 80 ° to 180. °C.

"Tg" means glass transition temperature. Methods for determining Tg values of the
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organic polymers are described in "Introduction to Physical Polymer Science", 2nd Edi-

tion by L.H. Sperling, published by John Wiley & Sons, Inc., 1992. The Tg value can be

calculated as the weighted sum of the Tg values for homopolymers derived from each

of the individual monomers, i, that make up the polymer: Tg = E Wj Xj where W is the

5 weight percent of monomer i in the organic polymer, and X is the Tg value for the ho-

mopolymer derived from monomer i. Tg values for the homopolymers may be taken

from "Polymer Handbook", 2nd Edition by J. Brandrup and E.H. Immergut, Editors,

published by John Wiley & Sons, Inc., 1975.

10 Various additives contained in the solid dispersion product or even the active ingredi-

ent(s) itself may exert a plasticizing effect on the polymer and thus depress the Tg of

the polymer such that the final solid dispersion product has a somewhat lower Tg than

the starting polymer used for its preparation. In general, the final solid dispersion prod-

uct has a Tg of 10 °C or higher, preferably 15 °C or higher, more preferably 20 °C or

15 higher and most preferred 30 °C or higher.

For example, preferred pharmaceutically acceptable polymers can be selected from the

group comprising

20 homopolymers and copolymers of N-vinyl lactams, especially homopolymers and co-

polymers of N-vinyl pyrrolidone, e.g. polyvinylpyrrolidone (PVP), copolymers of N-vinyl

pyrrolidone and vinyl acetate or vinyl propionate,

cellulose esters and cellulose ethers, in particular methylcellulose and ethylcellulose,

25 hydroxyalkylcelluloses, in particular hydroxypropylcellulose, hydroxyalkylalkylcellu-

loses, in particular hydroxypropylmethylcellulose, cellulose phthalates or succinates, in

particular cellulose acetate phthalate and hydroxypropylmethylcellulose phthalate, hy-

droxypropylmethylcellulose succinate or hydroxypropylmethylcellulose acetate succi-

nate;

30

high molecular polyalkylene oxides such as polyethylene oxide and polypropylene ox-

ide and copolymers of ethylene oxide and propylene oxide,

polyvinyl alcohol-polyethylene glycol-graft copolymers (available as Kollicoat® IRfrom

35 BASF AG, Ludwigshafen, Germany);

polyacrylates and polymethacrylates such as methacrylic acid/ethyl acrylate copoly-

mers, methacrylic acid/methyl methacrylate copolymers, butyl methacrylate/2-dimethyl-

aminoethyl methacrylate copolymers, poly(hydroxyalkyl acrylates), poly(hydroxyalkyl

40 methacrylates).
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polyacrylamides,

vinyl acetate polymers such as copolymers of vinyl acetate and crotonic acid, partially

hydrolyzed polyvinyl acetate (also referred to as partially saponified "polyvinyl alcohol"),

5

polyvinyl alcohol,

oligo- and polysaccharides such as carrageenans, galactomannans and xanthan gum,

or mixtures of one or more thereof.

10

Among these, homopolymers or copolymers of N-vinyl pyrrolidone, in particular a co-

polymer of N-vinyl pyrrolidone and vinyl acetate, are preferred. A particularly preferred

polymer is a copolymer of 60 % by weight of the copolymer, N-vinyl pyrrolidone and 40

% by weight of the copolymer, vinyl acetate.

15

A further polymer which can be suitably used is Kollidon® SR (available from BASF

AG, Ludwigshafen, Germany) which comprises a mixture of PVP and polyvinylacetate.

The solid dispersion product may be prepared by a variety of methods. The solid dis-

20 persion product may be prepared by a solvent evaporation method. In a solvent evapo-

ration method, the at least one tyrosine kinase inhibitor, the at least one pharmaceuti-

cally acceptable polymer and the at least one pharmaceutically acceptable solubilizer

are dissolved in a common solvent or combination of solvents and the solvents are

removed from the solution obtained by evaporation.

25

Preferably, the solid dispersion product is prepared by melt-extrusion. The melt-

extrusion process comprises the steps of preparing a homogeneous melt of the active

ingredient or the combination of active ingredients, the pharmaceutically acceptable

polymer and the solubilizers, and cooling the melt until it solidifies. "Melting" means a

30 transition into a liquid or rubbery state in which it is possible for one component to be-

come homogeneously embedded in the other. Typically, one component will melt and

the other components will dissolve in the melt, thus forming a solution. Melting usually

involves heating above the softening point of the pharmaceutically acceptable polymer.

The preparation of the melt can take place in a variety of ways. The mixing of the com-

35 ponents can take place before, during or after the formation of the melt. For example,

the components can be mixed first and then melted or simultaneously mixed and

melted. Usually, the melt is homogenized in order to disperse the active ingredients

efficiently. Also, it may be convenient first to melt the pharmaceutically acceptable

polymer and then to admix and homogenize the active ingredients.

40
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Usually, the melt temperature is in the range of 70 to 250 °C, preferably 80 to 180 °C,

most preferably 100 to 140 °C.

The active ingredients can be employed as such or as a solution or dispersion in a

5 suitable solvent such as alcohols, aliphatic hydrocarbons or esters. Another solvent

which can be used is liquid carbon dioxide. The solvent is removed, e.g. evaporated,

upon preparation of the melt.

Various additives may be included in the melt, for example flow regulators such as col-

10 loidal silica; lubricants, bulking agents (fillers), disintegrants, plasticizers, stabilizers

such as antioxidants, light stabilizers, radical scavengers, or stabilizers against micro-

bial attack.

The melting and/or mixing takes place in an apparatus customary for this purpose. Par-

15 ticularly suitable are extruders or kneaders. Suitable extruders include single screw

extruders, intermeshing screw extruders or else multiscrew extruders, preferably twin

screw extruders, which can be corotating or counterrotating and, optionally, equipped

with kneading disks or other screw elements for mixing or dispersing the melt. It will be

appreciated that the working temperatures will also be determined by the kind of ex-

20 truder or the kind of configuration within the extruder used. Part of the energy needed

to melt, mix and dissolve the components in the extruder can be provided by heating

elements. However, the friction and shearing of the material in the extruder may also

provide a substantial amount of energy to the mixture and aid in the formation of a ho-

mogeneous melt of the components.

25

The extrudate exiting from the extruder ranges from pasty to viscous. Before allowing

the extrudate to solidify, the extrudate may be directly shaped into virtually any desired

shape. Shaping of the extrudate may be conveniently carried out by a calender with

two counter-rotating rollers with mutually matching depressions on their surface. A
30 broad range of tablet forms can be attained by using rollers with different forms of de-

pressions. If the rollers do not have depressions on their surface, films can be ob-

tained. Alternatively, the extrudate is moulded into the desired shape by injection-

moulding. Alternatively, the extrudate is subjected to profile extrusion and cut into

pieces, either before (hot-cut) or after solidification (cold-cut).

35

Additionally, foams can be formed if the extrudate contains a propellant such as a gas,

e.g. carbon dioxide, or a volatile compound, e.g. a low molecular-weight hydrocarbon,

or a compound that is thermally decomposable to a gas. The propellant is dissolved in

the extrudate under the relatively high pressure conditions within the extruder and,

40 when the extrudate emerges from the extruder die, the pressure is suddenly released.
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Thus the solvability of the propellant is decreased and/or the propellant vaporises so

that a foam is formed.

Optionally, the resulting solid solution product is milled or ground to granules. The

5 granules may then be filled into capsules or may be compacted. Compacting means a

process whereby a powder mass comprising the granules is densified under high pres-

sure in order to obtain a compact with low porosity, e.g. a tablet. Compression of the

powder mass is usually done in a tablet press, more specifically in a steel die between

two moving punches.

10

At least one additive selected from flow regulators, disintegrants, bulking agents (fillers)

and lubricants is preferably used in compacting the granules. Disintegrants promote a

rapid disintegration of the compact in the stomach and keep the liberated granules

separate from one another. Suitable disintegrants are crosslinked polymers such as

15 crosslinked polyvinyl pyrrolidone and crosslinked sodium carboxymethyl cellulose.

Suitable bulking agents (also referred to as "fillers") are selected from lactose, calcium

hydrogenphosphate, microcrystalline cellulose (Avicel®), magnesium oxide, potato or

corn starch, isomalt, polyvinyl alcohol.

20 Suitable flow regulators are selected from highly dispersed silica (Aerosil®), and animal

or vegetable fats or waxes.

A lubricant is preferably used in compacting the granules. Suitable lubricants are se-

lected from polyethylene glycol (e.g., having a Mw of from 1000 to 6000), magnesium

25 and calcium stearates, sodium stearyl fumarate, talc, and the like.

Various other additives may be used, for example dyes such as azo dyes, organic or

inorganic pigments such as aluminium oxide or titanium dioxide, or dyes of natural ori-

gin; stabilizers such as antioxidants, light stabilizers, radical scavengers, or stabilizers

30 against microbial attack.

Dosage forms according to the invention may be provided as dosage forms consisting

of several layers, for example laminated or multilayer tablets. They can be in open or

closed form. "Closed dosage forms" are those in which one layer is completely sur-

35 rounded by at least one other layer. Multilayer forms have the advantage that two ac-

tive ingredients which are incompatible with one another can be processed, or that the

release characteristics of the active ingredient(s) can be controlled. For example, it is

possible to provide an initial dose by including an active ingredient in one of the outer

layers, and a maintenance dose by including the active ingredient in the inner layer(s).

40 Multilayer tablets types may be produced by compressing two or more layers of gran-

ules. Alternatively, multilayer dosage forms may be produced by a process known as
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"coextrusion". In essence, the process comprises the preparation of at least two differ-

ent melt compositions as explained above, and passing these molten compositions into

a joint coextrusion die. The shape of the coextrusion die depends on the required drug

form. For example, dies with a plain die gap, called slot dies, and dies with an annular

5 slit are suitable.

In order to facilitate the intake of such a dosage form by a mammal, it is advantageous

to give the dosage form an appropriate shape. Large tablets that can be swallowed

comfortably are therefore preferably elongated rather than round in shape.

10

A film coat on the tablet further contributes to the ease with which it can be swallowed.

A film coat also improves taste and provides an elegant appearance. If desired, the film

coat may be an enteric coat. The film coat usually includes a polymeric film-forming

material such as hydroxypropyl methylcellulose, hydroxypropyl cellulose, and acrylate

15 or methacrylate copolymers. Besides a film-forming polymer, the film coat may further

comprise a plasticizer, e.g. polyethylene glycol, a surfactant, e.g. a Tween® type, and

optionally a pigment, e.g. titanium dioxide or iron oxides. The film-coating may also

comprise talc as anti-adhesive. The film coat usually accounts for less than about 5 %
by weight of the dosage form.

20

The dosage forms of the invention are useful for treating proliferative disorders, espe-

cially tumors or cancers. The proliferative disorder may be selected from the group

consisting of neurofibromatosis, tuberous sclerosis, hemangiomas and lymphangio-

genesis, cervical, anal and oral cancers, eye or ocular cancer, stomach cancer, colon

25 cancer, bladder cancer, rectal cancer, liver cancer, pancreas cancer, lung cancer,

breast cancer, cervix uteri cancer, corpus uteri cancer
,
ovary cancer, prostate cancer,

testis cancer, renal cancer, brain cancer, cancer of the central nervous system, head

and neck cancer, throat cancer, skin melanoma, acute lymphocytic leukemia, acute

myelogenous leukemia, Ewing's Sarcoma, Kaposi's Sarcoma, basal cell carcinoma and

30 squamous cell carcinoma, small cell lung cancer, choriocarcinoma, rhabdomyosar-

coma, angiosarcoma, hemangioendothelioma, Wilms Tumor, neuroblastoma,

mouth/pharynx cancer, esophageal cancer, larynx cancer, lymphoma, multiple mye-

loma; cardiac hypertrophy, age-related macular degeneration and diabetic retinopathy.

35 The exact dose and frequency of administration depends on the particular condition

being treated, the age, weight and general physical condition of the particular patient

as well as other medication the individual may be taking, as is well known to those

skilled in the art.

40 The following examples will serve to further illustrate the invention without limiting it.
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Example 1: Preparation of solid dispersion products
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Formulations of various compositions were produced as shown in Table 1 below. The

5 active ingredient (N-[4-(3-amino-1 H-indazol-4-yl)phenyl]-N'-(2-fluoro-5-methylphenyl)-

urea ethanolate) was mixed in a turbula blender with a pre-granulated mixture of Kolli-

don VA64 (copolymer of 60 % by weight N-vinyl pyrrolidone and 40 % by weight vinyl

acetate) and the solubilizer(s). Additionally 1% of colloidal silicon dioxide was added to

improve flow properties. The powdery mixture was extruded in a Leistritz micro 18

10 GMP-extruder at the extrusion temperature and rotational speed as shown in table 1

.
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Example 2: Bioavailability Evaluation

PCT/EP2007/062101

Protocol for the oral bioavailability studies

5 For bioavailability evaluation, extrudates as obtained in Example 1 were milled and

filled into capsules. Each capsule contained 25 mg ABT 869.

The studies were run with liquid clinical formulation as reference (4.0 % by weight ABT
869 in ethanol-surfactant solution) in a two-treatment, two-period crossover study.

10

Dogs (beagle dogs, mixed sexes, weighing approximately 10 kg) received a balanced

diet with 27 % fat and were permitted water ad libitum. Each dog received a 100 |Lig/kg

subcutaneous dose of histamine approximately 30 minutes prior to dosing. A single

dose corresponding to 25 mg ABT 869 was administered to each dog. The dose was

15 followed by approximately 10 milliliters of water. Blood samples were obtained from

each animal prior to dosing and 0.25, 0.5, 1 .0, 1 .5, 2, 3, 4, 6, 8, 10, 12 and 24 hours

after drug administration. The plasma was separated from the red cells by centrifuga-

tion and frozen (-30 °C) until analysis. Concentrations of ABT 869 inhibitors were de-

termined by reverse phase HPLC with low wavelength UV detection following liquid-

20 liquid extraction of the plasma samples. The area under the curve (AUG) was calcu-

lated by the trapezoidal method over the time course of the study. Each dosage form

was evaluated in a group containing 5-6 dogs; the values reported are averages for

each group of dogs.

25

Table 2: Results of dog studies with a crossover study design

Example Cnnax

[ng/ml]

Tmax

[h]

Pt. Esti-

mate Cmax*

Pt. Esti-

mate AUG*
N 0.77 1.1 0.83 0.82

G 0.51 1.0 1.04 1.11

1 0.46 1.4 0.93 1.07

K 0.56 1.9 0.68 0.8

R 0.84 1.1 1.04 1.04
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*The values are reported as relative bioavailability-compared to the bioavailability of the

liquid clinical formulation as reference.

5 Example 3: Manufacture of tablets

Following the procedure of example 1 , an extrudate was obtained from the solid dis-

persion product ingredients listed in table 3 below. The extrudate was allowed to cool.

10 The solidified extrudate was milled and the powder was blended with the tabletting ex-

cipients listed in table 3. A tablet press was used to prepare tablets containing 2.5 mg
or 10 mg, respectively, of ABT-869.

Table 3: Tablet composition

15

Ingredient % (w/w)

Solid dispersion product

ABT-869 ethanolate 2.50

Kollidon VA64 39.75

Propylene glycol monolaurate (Type 1) 5.00

Vitamin E-TPGS 2.50

Colloidal silicon dioxide, Type Aerosil 200 0.25

Tabletting excipients

Mannitol 48.50

Colloidal silicon dioxide , Type Aerosil 200 1.00

Sodium stearyl fumarate 0.50

Example 4: Estimating Pharmacokinetics in humans

20 Tablets containing a 10 mg dose of ABT-869 ethanolate, as prepared above, were ad-

ministered to 1 1 patients in the morning with 240 mL of water under fasting conditions

(defined as no food or drink consumption except water and concomitant medications

for 2 hours prior to dosing). Following dosing, 4-mL blood samples were collected for

pharmacokinetic analyses at the following times: 0 (pre-dose), 1,3,4, 6, 8, 24 and 48

25 hours. These samples were analyzed for ABT-869 plasma concentrations using Liquid

Chromatography/Tandem Mass Spectrometry (LCMS/MS). The lower limit of

quantification (LLOQ) for the assay was 1.1 ng/mL.

Pharmacokinetic parameters including the maximum observed plasma concentration

30 (Cmax), time to Cmax (Tmax), the area under the plasma concentration-time curve (AUC)

from 0 to time of the last measurable concentration (AUCo-48) and AUC from 0 to infinite
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time (AUCoc) were determined by non-compartmental methods using WinNonlin Profes-

sional version 5.2 software.

AUCo-48 per nrig of dose was 0.40±0.10 |jg*li/mL/mg (mean±SD) winile AUCc per mg of

5 dose was 0.55±0.17 |jg*li/mL/mg. Cmax per mg of dose was calculated to be

0.023±0.004 |jg/mL/mg. The ABT-869 tablet has a Tmax of 2.8±0.6 h. The intersubject

variability in the ABT-869 tablet was 17% in Cmax and 25% in AUCo-48-
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We claim:

1 . A pharmaceutical dosage form which comprises a solid dispersion product of at

least one tyrosine kinase inhibitor, at least one pharmaceutically acceptable

polymer, and at least one pharmaceutically acceptable solubilizer.

5

2. The dosage form of claim 1 , which upon contact with an aqueous liquid releases

particles having an average particle size of less than about 1000 nm, the parti-

cles containing solubilised tyrosine kinase inhibitor.

10 3. The dosage form of claim 1 , wherein the pharmaceutically acceptable solubilizer

is selected from the group consisting of polyol fatty acid esters, polyalkoxylated

polyol fatty acid esters, polyalkoxylated fatty alcohol ethers, tocopheryl com-

pounds or mixtures of two or more thereof.

15 4. The dosage form of claim 1, wherein the pharmaceutically acceptable solubilizer

has an HLB value in the range of from 3.5 to 13.

20

The dosage form of claim 1 ,
comprising a combination of two or more pharma-

ceutically acceptable solubilizers.

The dosage form of claim 5, wherein the combination of pharmaceutically ac-

ceptable solubilizers has an averaged HLB value in the range of from 4.5 to 12.

7. The dosage form of claim 5, wherein the combination of pharmaceutically ac-

25 ceptable solubilizers comprises (i) at least one solubilizer having an HLB value in

the range of from 8 to 15 and (ii) at least one solubilizer having an HLB value in

the range of from 3 to 6.

8. The dosage form of claim 7, wherein the combination of pharmaceutically ac-

30 ceptable solubilizers comprises (i) at least one tocopheryl compound having a

polyalkylene glycol moiety and (ii) at least one alkylene glycol fatty acid monoe-

ster or mixture of alkylene glycol fatty acid mono- and diester.

9. The dosage form of claim 8, wherein the tocopheryl compound is alpha to-

35 copheryl polyethylene glycol succinate.

10. The dosage form of claim 8, wherein the alkylene glycol fatty acid monoester is

propylene glycol monolaurate.

40 11. The dosage form of Claim 8, wherein the weight ratio of tocopheryl compound
and alkylene glycol fatty acid ester is in the range of from 9:1 to 1:9.

12. The solid dosage form of claim 1, wherein said pharmaceutically acceptable

polymer is a homopolymer or copolymer of N-vinyl pyrrolidone.
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1 3. The solid dosage form of claim 1 , wherein said pharmaceutically acceptable

polymer is a copolymer of N-vinyl pyrrolidone and vinyl acetate.

5 14. The dosage form of claim 1 , wherein said tyrosine kinase inhibitor is selected

from the group consisting of

sorafenib, dasatinib, lapatinib, imatinib, motesanib, vandetanib, MP-412, lestaur-

tinib, XL647, XL999, tandutinib, PKC412, nilotinib, AEE788, OSI-930, OSI-817,

sunitinib maleate, axitinib,

1 0 N-[4-(3-amino-1 H-indazol-4-yl)phenyl]-N'-(2-fluoro-5-methylphenyl)urea

(ABT869);

N-(4-(4-aminothieno[2,3-d]pyrimidin-5-yl)phenyl)-N'-(2-fluoro-5-(trifluoromethyl)-

phenyl)urea; or salts or hydrates or solvates thereof,

or combinations thereof.

15

30

1 5. The dosage form of claim 1 , wherein said tyrosine kinase inhibitor is poorly water-

soluble.

1 6. The dosage form of claim 1 , wherein said tyrosine kinase inhibitor comprises at

20 least one urea moiety in its molecular structure.

1 7. The solid dosage form of claim 1 ,
containing at least one additive selected from

flow regulators, disintegrants, bulking agents and lubricants.

25 1 8. The dosage form of claim 1 , wherein the solid dispersion product comprises from

about 0.5 to 40 % by weight of said at least one tyrosine kinase inhibitor, 40 to

97.5 % by weight of said at least one pharmaceutically acceptable polymer, 2 to

20 % by weight of said at least one solubilizer, and 0 to 1 5 % by weight of addi-

tives.

19. The dosage form of claim 1 wherein the solid dispersion product is a melt-

processed, solidified mixture.

20. The dosage form of claim 1 wherein the solid dispersion product is obtained by

35 dissolving the at least one tyrosine kinase inhibitor, the at least one pharmaceuti-

cally acceptable polymer and the at least one pharmaceutically acceptable solu-

bilizer in a common solvent or combination of solvents and evaporating the solu-

tion obtained.

40 21 . The dosage form of claim 1 wherein said tyrosine kinase inhibitor is N-[4-(3-

amino-1 H-indazol-4-yl)phenyl]-N'-(2-fluoro-5-methylphenyl)urea (ABT 869), the

dosage form, when administered to a human patient, producing a plasma profile

characterized by a Cmaxfor ABT 869 from about 0.015 |Lig/mL/mg to about 0.027

|Lig/mL/mg after a single dose.

45



wo 2008/055966
22

PCT/EP2007/062101

22. The dosage form of claim 1 wherein said tyrosine kinase inhibitor is N-[4-(3-

amino-1 H-indazol-4-yl)phenyl]-N'-(2-fluoro-5-methylphenyl)urea (ABT 869), the

dosage form, when administered to a human patient, producing a plasma profile

characterized by a Tmax for ABT 869 from 1 to about 3 hours after a single dose.

5

23. The dosage form of claim 1 wherein said tyrosine kinase inhibitor is N-[4-(3-

amino-1 H-indazol-4-yl)phenyl]-N'-(2-fluoro-5-methylphenyl)urea (ABT 869), the

dosage form, when administered to a human patient, producing a plasma profile

characterized by a AUCo-48 per mg of ABT 869 from about 0.23 |Lig*hr/mL/mg to

1 0 about 0.56 |Lig*hr/mL/mg per mg of dose after a single dose.

24. The dosage form of claim 1 wherein said tyrosine kinase inhibitor is N-[4-(3-

amino-1 H-indazol-4-yl)phenyl]-N'-(2-fluoro-5-methylphenyl)urea (ABT 869), the

dosage form, when administered to a human patient, producing a plasma profile

1 5 characterized by a AUCo-o= per mg of ABT 869 from about 0.27 |Lig*hr/mL/mg to

about 0.81 |Lig*hr/mL/mg per mg of dose after a single dose.

25. A method of treating proliferative disorders, comprising administering the dosage

form of claim 1 to a subject in need thereof.

20

26. The method of claim 25, wherein the proliferative disorder is selected from tu-

mors or cancers.

27. The method of claim 25, wherein the proliferative disorder is selected from the

25 group consisting of neurofibromatosis, tuberous sclerosis, hemangiomas and

lymphangiogenesis, cervical, anal and oral cancers, eye or ocular cancer, stom-

ach cancer, colon cancer, bladder cancer, rectal cancer, liver cancer, pancreas

cancer, lung cancer, breast cancer, cervix uteri cancer, corpus uteri cancer

,

ovary cancer, prostate cancer, testis cancer, renal cancer, brain cancer, cancer

30 of the central nervous system, head and neck cancer, throat cancer, skin mela-

noma, acute lymphocytic leukemia, acute myelogenous leukemia, Ewing's Sar-

coma, Kaposi's Sarcoma, basal cell carcinoma and squamous cell carcinoma,

small cell lung cancer, choriocarcinoma, rhabdomyosarcoma, angiosarcoma,

hemangioendothelioma, Wilms Tumor, neuroblastoma, mouth/pharynx cancer,

35 esophageal cancer, larynx cancer, lymphoma, multiple myeloma; cardiac hyper-

trophy, age-related macular degeneration and diabetic retinopathy.

28. A method of preparing a solid dosage form of claim 1 which comprises:

40 a) preparing a homogeneous melt of said at least one tyrosine kinase inhibi-

tor, said at least one pharmaceutically acceptable polymer and said said at

least one solubilizer, and

b) allowing the melt to solidify to obtain a solid dispersion product.

45
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29. The method of claim 28, additionally comprising grinding said solid dispersion

product and compressing said solid dispersion product into a tablet.

30. The method of claim 28, additionally comprising grinding said solid dispersion

5 product and filling said solid dispersion product into a capsule shell.

31 . The method of claim 28, wherein the melt is shaped into a film or a foam before

being allowed to solidify.
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